Δ r G of the reaction of converting hexanol to hexanenitrile can be calculated based on enthalpy change (Δ r H, kJ/mol), entropy change (Δ r S, J/(mol K)) and temperature (T, K) of the reaction:
Based on the reaction equation:
Hexanol + NH 3 → Hexanenitrile + 2H 2 + H 2 O
Δ r H and Δ r S for eqn (2) can be expressed by the enthalpy of formation (Δ f H, kJ/mol) and entropy (S, J/(mol K)) of the products and reactants:
Δ r S = S(Hexanenitrile) + 2*S(H 2 ) + S(H 2 O) -S(Hexanol) -S(NH
Assuming the reactants and products are in gas phase during reaction, Δ f H and S of organic 
The coefficients are provided as: Combining eqns (1) to (8) and substituting the coefficients, both Δ r H and Δ r S are positive between 100 to 400 °C. Therefore, this reaction is high temperature, low pressure favoured, whose Δ r G is negative from ca. 200 °C and above. Considering our experiments are conducted under low alcohol partial pressure and that NH 3 is supplied in large excess, the reaction is thermodynamically favourable even at 190 °C.
DFT calculations
Periodic DFT calculations were performed using the CASTEP code 3 with Vanderbilt-type ultrasoft pseudopotentials 4 and the revised version of the Perdew-Burke-Ernzerhof exchange-correlation functional 5 based on the generalized gradient approximation. The plane-wave basis set was truncated at a kinetic energy of 360 eV. A Fermi smearing of 0.1 eV was utilized.
Geometry optimizations were performed on supercell structures using periodic boundary conditions. The surfaces were modeled using metallic slabs with a thickness of four atomic layers with 17 Å of vacuum spacing. A (3 × 3) unit cell was considered for adsorption on Ni(111) surface.
The reciprocal space was sampled using a 4 × 4 × 1 k-point mesh for the slab model, as generated by the Monkhorst−Pack scheme. 6 The convergence criteria for structure optimization and energy The adsorption energy was defined as follows:
where E A-S is the energy of the slab together with the adsorbate, E A is the total energy of the free adsorbate, and E S is the total energy of the bare slab. Spin-polarized condition was considered for calculation of alkoxide molecule. (111) is shown. 
Catalysts characterization and control experiments
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